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CARRIAGES AND MOUNTS SERIES
TRAVERSING MECHANISMS®

I. INTRODUCTION

A. PURPOSE

1. This is one of a series of handbooks on
carriages and mounts. This handbook covers
traversing mechanisms, one type of which is
shown in Figure 1. The various types of
mechanism are discussed, along with their
operating characteristics and pertinent design
data. Contents is devoted exclusively to trav-
ersing mechanisms except where limited de-
scriptions of other elements of carriages and
mounts are necessary to clarify the discussions.
More elaborate descriptions of these elements
appear in other Ordnance Corps Pamphlets of
the Carriages and Mounts Series (ORDP 20-
340 through ORDP 20-348). Since traversing
and elevating mechanisms have much the same
requirements and characteristics and use simi-
lar mechanisms, some of the material contained
in this handbook is duplicated in ORDP 20-346,
Elevating Mechanisms, to avoid excessive cross-
reference.

B. GENERAL DISCUSSION

2. The long range of projectiles and missiles
requires extremely accurate aiming. Slight
errors in the pointing of either cannon or
launcher ramp can result in considerable devia-
tion at the target. When aimed by direct
sighting, a weapon must be moved slowly and
precisely to align it accurately with the target.
When aimed by a separate fire control unit,
the cannon or the missile launcher must be able
to respond accurately to the direction signals
of the unit. In either case, such a weapon is
too heavy to be pushed by hand into the proper
horizontal direction. Hence, a manual or

—*—I_’-repared by Martin Regina and Herman P.
Schick, Laboratories for Research and Development
of The Franklin Institute.

power operated mechanism is provided to en-
able a gunner to attain a precise position and
to hold it there during firing. On the other
hand, many small arms are light enough to be
moved into position without the aid of a
mechanism.

3. Position coordinates for the gun tube
are given in angles about two axes. Normally
one coordinate is in elevation about a hori-
zontal axis and the other is in traverse about a
vertical axis.

4. The components of a weapon which
traverse are called the traversing parts and
generally consist of the cannon and other tip-
ping parts and the top carriage. The unit
which rotates the traversing parts, which con-
trols this rctation, and which holds the cannon
firmly in azimuth during firing is the travers-
ing mechanism. It and its controls must be
designed for easy operation to the extent that
the gunner can devote most of his attention to
maintaining proper weapon orientation. An
optimum traversing mechanism must combine
precision, reliahility, durability, speed, and
low-power demand, with ease of control, For
some installations, it must include high acceler-
ation, yet must be able to stop smoothly with-
out overrun.

5. Essential mechanical characteristics of
traversing mechanisms on missile launchers are
similar to those on guns. Although they are
generally subjected to less severe loads, they
must be shielded from the rocket hlast or con-
struction and materials used must he capable
of withstanding the blast.

6. Some missile launchers on airplanes are
similar to bomb launchers. These have no
elevating or traversing mechanism, aiming be-
ing done by positioning the entire airplane.
Such launchers can be built to carry either
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Figure 1.

bombs or rockets. Others are intended for
air-to-air combat where a flight path parallel
to that of the target will permit closer approach
than one coincident with the target path. For
such use it is necessary to provide for travers-
ing the launcher to intercept the target.

7. Launchers for ground-to-air or ship-to-
air missiles are required to traverse and elevate
at high speeds to pick up, track, and intercept
air targets. The requirements for their struc-
tures and mechanisms are equivalent to those
of anti-aircraft guns; in fact, it has been
practical to convert some gun mounts into
missile launchers, Ship-mounted antiaircraft
guns and missile launchers place especially
high burdens on traversing and elevating
mechanisms. In addition to tracking high-
speed air targets, the two mechanisms must
provide continuous compensation for motion
of the firing platform, that is for rolling, pitch-
ing and yawing of the ship. The latter func-
tion is frequently more critical and demands
higher rotational velocities than does target
tracking.

TOP CARRIAGE

SHAFT

BEVEL GEARS

WORM
BOTTOM CARRIAGE

Monually Operated Traversing Mechanism

II. TYPES OF TRAVERSING
MECHANISM

8. Because of the close relationship be-
tween the forms of traverse mechanisms and
the type of traverse bearing, the mechanisms
are classified according to this relationship,
namely:

A, Axle

B. Pintle

C. Base Ring and Racer
D. Ball Joint

Another type, now obsolete, is the railway gun
that was traversed by moving it along a curved
track.

A. AXLE TRAVERSE

9. The axle traverse mechanism is used on
a single trail mount. Traversing parts slide
along the axle. Some weapons use rollers to
transmit the carriage weight to the axle thus
minimizing frictional resistance between slid-
ing members. Coarse traverse is achieved
simply by lifting the trail and pivoting the




weapon on its wheels until aimed in the general
direction. During this activity, the traversing
mechanism locks the top carriage to the axle.
With the wheels on the ground and the axle
fixed laterally, fine aiming is achieved by
moving the carriage along the axle with the
trail spade serving as the pivot. Some mounts
have firing jacks to take the load off the wheels
after emplacement. Since the weight of the
cannon, recoil mechanism, carriage, and part
of the trails is supported on the axle, rollers
may be provided to permit the lateral motion
along the axle with low friction to facilitate
traversing.

10. Fine traverse or accurate laying of the
gun is the function of the traversing mechanism
which here utilizes the principle of the screw
and nut. The screw thread may be on the
axle with the nut captive on the carriage or
the nut may be fixed on the axle with the
screw captive on the carriage (see Figure 2).
In either case, rotation of nut or screw is
accomplished through shafts, gearing, and uni-
versal joints from a handwheel located on the
carriage. The mechanism on the 75 mm Pack
Howitzer, M1A1l, utilizes a ball bearing screw
to minimize friction.

11. By convention, the handwheel is located
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on the left side of the carriage. It must be in
a convenient position for the gunner and must
require little effort to operate while sighting.
Minimum effort is provided by the mechanical
advantage of the gear train. Because of the
short axle and the interference of the wheels,
the traversing range is restricted to about =3
degrees.

B. PINTLE TRAVERSE
1. Description

12. A more versatile mechanism adaptable
to any type of mount and providing a greater
range of traverse is one in which the traversing
parts pivot on the bottom carriage, axle, or
base, about a pintle (see Figure 3). The pintle
is attached to the top carriage and rotates in a
bearing on the bottom carriage. The travers-
ing parts are supported by a thrust bearing.
Where clearances permit, 360° traverse is
available. However, the stability of the
weapon usually determines this range. Weap-
ons which are stable in all directions may have
unlimited traverse while those, such as the
split trail type, which are stable only within
the spread of the trails are limited to about 90°
traverse (see Figure 4).
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figure 3. Pintle Traverse

2. Methods of Actuation

13. Method A. Power, mechanical or man-
ual, is transmitted through a gear train whose
terminal member is the traversing gear which
may be either a large worm wheel or spur
gear. Two installations are available. The
first (Figure 5) has the driving gear on the
bottom carriage and the traversing gear
(driven) on the top carriage. Alternatively,
the driving gear can be mounted on the top
carriage and the traversing gear on the bottom
carriage (refer to Figure 1). This latter
arrangement permits unlimited traverse and,
with the gunner moving with the traversing
parts, direct sighting is more convenient. If
high traversing speeds are necessary, the gear
train is powered mechanically or electrically
(see Figure 6). If high speeds are unnecessary
or in the event of power failure, manual action
is provided through a handwheel.

14. Method B. A variation of the pintle
type traversing gear consists of a screw-nut
combination which pivots on the bottom car-
riage near the handwheel (see Figure 7). The
screw, turned by the handwheel, and nut pivot
on the top carriage as it traverses about the
pintle. Such an arrangement, however, is very
limited in traverse range and is inherently lack-
ing in rigidity.

15. Method C. Manually operated travers-
ing mechanisms are relatively slow but rapid

Figure 4.

Split Trail Mount Showing Traversing Range

traverse can be achieved with those weapons
having the low frictional resistance of the pintle
mounting. Rapid coarse traverse is available
by simply disengaging the gear train and
swinging the weapon by hand until pointed in
the general direction. Re-engaging the gears
reverts the system to its fine traverse state.

16. Method D. A firing platform provides
coarse unlimited traverse for a split trail
weapon. This method, now outmoded, has
the wheels of the weapon raised off the ground
and the bottom carriage pivoted on a platform
that rests on the ground. The trails are sup-
ported on a circular rail which is staked to the
ground and attached to the central base with
radial members. Coarse traverse is made by
rotating the mount on the platform. Push
bars extending from the end of the trails per-
mit the gun crew to turn the mount manually
by pushing the ends of the trails along the rail.
Once in position, the trails are clamped to the
rail.

C. BASE RING AND RACER TRAVERSE

17. Weapons with heavy traversing parts
or which traverse while firing, require large
traversing bearings to supplement a broad
firing base (see Figure 8). These weapons are
trained by rotating the top carriage on a base
ring equipped with either ball or roller bear-
ings. A large spur gear mounted on the
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bottom carriage, concentric with the bearing
ring, serves as the traversing gear. Its pinion
is mounted on the traversing parts. As the
pinion turns, it tracks around the traversing
gear carrying with it the top carriage and can-
non. This arrangement provides unlimited
traverse and can he powered either mechani-
cally or electrically. It is particularly suitable

Traversing Mechanism With Gear on Top

ORDP 20-347

PIVOT

/ BOTTOM —
CARRIAGE PIVOT

%

i,

CARRIAGE
Figure 7. Screw and Nut Traversing Mechanism

SCREW AND ————/
NUT ASSEMBLY

TOP CARRIAGE

THRUST BEARING

/ .

BOTTOM CARRIAGE jZRETAleG
BASE RING TRA\'/?ERSING

Figure 8. Detail of Traversing Bearing

for rapidly traversing weapons including
turret-mounted guns on tanks or motor gun
carriages.

D. BALL JOINT TRAVERSE

18. By another method of traverse, the top
carriage turns on a ball joint or its equivalent
(see Figure 9). This method is well suited for
the double recoil system as the bottom carriage
provides two supports, one rear and one front
{Reference 1).* The front support or turn-
table has the ball joint in its center. Rapid,

* References are found at the end of this handbook.
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unlimited coarse traverse is obtained by lifting
the rear support (float) off the ground and
swinging the carriage in either direction by
pushing sidewise on the rear of the structure.
Heavy structures are lifted with mechanical
jacks which rest on circular tracks forming the
outer periphery of the tumtable. Light struc-
tures may be lifted by the gun crew. Fine
traverse is limited, seldom exceeding =15
degrees. The traversing mechanism, except
for handwheel and shafting, is located in the
rear. It is essentially the conventional gear
train providing the required mechanical ad-
vantage. The rear support (float) is equipped
with traversing rails on which the traversing
parts slide. These rails form a circular arc the
center of which is the ball joint. The travers-
ing rack, attached to the float, also has the
ball joint as its center. The rack need not
have true gear teeth. Cylindrical pins may be
substituted. The advantage gained here is
the self-cleaning ability of pins which eliminate
material that could cause jamming of full-form
gear teeth.

19. The traversing mechanism for a double
recoil gun is more elaborate than for a single
recoil gun mounted on a similar structure.
The latter has no relative motion between top
and bottom carriage, therefore the gear train
of the traversing mechanism is always engaged
and conventional linkages are adequate. On
the other hand, the double recoil gun has
relative motion between top and bottom car-
riage. Since the traversing mechanism is
attached to both, some part of the linkage or
gear train must be disengaged or, where
feasible, the shafting can have telescoping
members. The gear train may be disengaged

!
ey s il - 75_ —“—l'l
) \-‘iTURNTABLE

Ball Joint Traversing System

by separating two meshing gears, one on the
top, the other on the bottom carriage (see
Figure 10). The two gears separate during
recoil. Just as the top carriage returns to in-
battery, the two gears re-engage. Meshing is
facilitated by rounding the edges of the gear
teeth. To preclude excessive contact forces
when the teeth do not chance to mate, one of
the gears is spring loaded to permit it to slide
on its shaft. Then, as long as firing continues,
it does not matter if these gears are not
meshed. When traverse becomes necessary,
only one gear would turn but as its teeth be-
come re-aligned with those of its mate, the
spring pushes it into the properly meshed
position.

20. Another method of traverse, both crude
and cumbersome, positioned the entire weapon
on a curved track or epl. This method was
particularly adaptable to the huge railway
guns, now obsolete. Unlimited traverse was
available if the track formed a complete circle.
This characteristic becomes naturally appli-
cable to self-propelled weapons.

III. EQUIPMENT ASSOCIATED WITH
TRAVERSING MECHANISMS

21. Several pieces of equipment are directly
assoclated with the traversing mechanism but
are units distinct enough that they cannot be
considered as integral parts. For instance,
power drives actuate the mechanism yet are
no more a part of it than the gunner who turns
the handwheel. Some, such as brakes and
buffers, are considered as parts of the mount
while others are classed as auxiliaries which
include directors, power drives and controls,




sights, and stabilizers. Complete descriptions,
design data and procedures of the latter group
appear in pamphlets on fire control. The dis-
cussions here only show the relation of their
functions with those of the traversing mech-
anism. Although the auxiliary equipment
may be designed by others, those responsible
for the traversing mechanism and the rest of
the mount should be familiar with this equip-
ment so that each unit may be located where
it will be most effective, particularly those
controls and indicators which constantly de-
mand the attention of the gunner.

A. POWER DRIVE

22. Quick-traversing heavy guns require a
sustained effort far beyond the stamina of
anyone operating a manual traversing mech-
anism. This is especially true of high-rate-of-
fire antiaircraft weapons which must keep pace
with fast and elusive targets and of tanks which
are constantly moving, and therefore must
contend with changing target positions. Such
mounts are traversed with variable-speed

SNAP GEAR -
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power drives which are generally mounted on
top carriages or in tank turrets. If units of
the power drive system are mounted on both
moving and stationary parts of the structure,
the power and signal transmission lines must
be connected by slip rings or their equivalent
to preclude twisting of the lines during vraverse.

23. Power drives capable of both coarse and
fine traverse in either direction are electric or
hydraulic, the latter being driven by an electric
motor or internal combustion engine. Ulti-
mately all power for a mobile or self-propelled
weapon is derived from an internal combustion
engine. (For permanent empiacements, con-
ventional electric transmission lines may be
available.) The engine drives either a gener-
ator or a hydraulic unit. If a direct drive is
used only one mount can be served, but an
engine-generator unit can serve several units.
The engine may be attached to tlie mount, it
may be a separate unit and borne on its own
chassis, or the prime mover may be equipped
with a power take-off device. When rough
control can be tolerated, traverse can be
achieved by gearing the engine directly to the
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Figure 10.  Arrangement of Traversing Mechanism—Double Recoil Carriage
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traversing mechanism. However, this arrange-
ment will not be suitable for fine traverse
unless quick-operating and sensitive controls
are provided.

24. Hydraulic drives are much more refined
systems than the direct engine drive and are
readily adapted to precise automatic control.
The system features a hydraulic pump and
motor (see Figure 11). One such system has
a variable-displacement pump with a direct
line to the motor. Another has a constant-
displacement pump discharging into an accu-
mulator to maintain a constant pressure. The
accumulator provides flow to the motor.
Motor speeds and direction, hence traversing
speeds and direction, are regulated by con-
trolling the flow of the variable-displacement
pump or by a valve controlling the flow through
two lines leading to the motor.

25. Electric power drives behave similarly
to hydraulic drives. They can traverse in
either direction at variable speeds and are
readily adaptable to precise automatic control.
These characteristics are made available through
an amplidyne system whose voltage output to
the drive motor can vary according to the
traversing speed requirements.

B. DIRECTORS AND OTHER CONTROLS

26. Combining the information of its track-
ing devices with that received from range
finders, directors compute firing data electron-
ically and transmit these data as signals to the
guns. Sending and receiving apparatus are
synchronized with the traversing system. In
a totally automatic installation, the difference
in signals (called the error signal) between
those generated in the director and those on
the gun corresponds to the off-target position
of the gun. Responding to the signal, the
power drives traverse the gun until the error
disappears, indicating on-target position. In
installations not totally automatic, the gunner
controls the traversing operation. He is
guided by a pointer on a dial which indicates
the firing position as determined by the direc-
tor. A second pointer on the dial, synchronized
with the traversing mechanism, represents the
actual gun position. To bring the gun into
firing position, the gunner merely traverses

-ELECTRIC MOTOR
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~— CONTROL
HANDLE
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Figure 11.  Hydraulic Drive

the weapon until the second pointer matches
the first thus indicating a position which
corresponds with the firing data.

27. There are several methods of controlling
power traverse without the aid of directors.
These are basically the same, differing only in
the method of manipulation. One method has
control by handwheel with the drive operating
as a power assist. Another has handles turn-
ing on a vertical axis similar to a steering
wheel. Still another has a ““joy stick’ arrange-
ment. Finally, control may be achieved by
manipulating a ball which serves as the initi-
ating component of the control unit.

28. With the help of Figure 12, the me-
chanics of a control unit are discussed in some
detail to illustrate a typical unit. Aside from
the ball and gear trains, the controller has
these seven basic components:

A. Magnetic clutch, direct engagement be-
tween ball and G.

Centering cam, renders G inoperative
when clutch is disengaged.

Cam return arm, returns cam to neutral
position.

Differential, provides access of gear train
to K.

Synchro transmitter, sends operating
signals to power drive.

@ U o w




F. Constant speed motor, provides continu-
ous motion to G.

G. Ball-disk integrator, regulates travers-
ing speed.

Direct manual control is exercised by dis-
engaging the clutch A, thus directing all motion
from the ball through gears 2 and 3 of the
differential D to the synchro transmitter E.
Gear 1 is held stationary. Whenever the con-
trol ball rotates the friction roller, the travers-
ing parts are turned in the direction of and at
a rate proportional to that of the ball. In the
meantime, the spring force on the cam return
arm C rotates the centering cam B into its
centering position which in turn moves the
integrator GG into idle. Here balls 6 are cen-
tered on the disk 5 of the integrator where no
peripheral motion exists. No motion can now

—CONTROL BALL

TRAVERSE FRICTION

ELEVATING ROLLER
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Figure 12.  Ball Drive Controller
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be transmitted to the gear train linking inte-
grator to differential.

29. Assisted manual control becomes avail-
able when the clutch A is engaged. The gear
train between control ball and integrator G is
uninterrupted. The control ball now exercises
control of the traversing direction and speed
merely by its own displacement which regu-
lates the displacement of yoke 8 of the inte-
grator. As the yoke moves in either direction
from the axis of the constant speed disk 5, it
carries balls 6 toward faster peripheral motion.
The balls transmit this motion to roller 7 and
through the gear train to 7 of the differential
and eventually to the synchro transmitter E.
Gear 2 of the differential D is held stationary
by the motionless control ball. Traverse is
reversed by moving the balls of the integrator
across the disk axis and is stopped by reversing
the control ball until the cam centers in its
neutral position or by releasing the clutch.

C. STABILIZERS

30. The pitching and slewing of a moving
tank disturbs gun accuracy by creating an un-
stable firing base which would require the
vehicle to come to a halt before firing begins
if compensating measures were not provided.
During combat, such maneuver would waste
time and increase vulnerability to an intoler-
able extent. Compensations for erratic motion
are provided by stabilizers whose primary
function is to maintain the hold of a gun on
its target. Gyroscopes are well suited for this
purpose. To complete the stabilizer system,
some device, often hydraulic or electric, must
be provided to convert gyroscope reactions in-
to signals and to transmit them to the travers-
ing system which then responds accordingly
and corrects azimuth misalignment between
gun and target.

iV. DESIGN REQUIREMENTS
A. GENERAL DESIGN DATA

31. Four basic design requirements are
essential to any traversing mechanism, namely;
control, power transmission, precision, and
sensitivity. Control is exercised by two medi-
ums; the fire control equipment which aims
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the weapon but is not considered part of the
mechanism, and the limit stops and locking
device which maintains the aim with respect
to azimuth position. The locking device, con-
sidered a part of the traversing mechanism,
may be a brake, a clutch, or an irreversible
screw. Limit stops, usually hydraulic buffers,
prevent overtravel. Power, whether manual
or mechanical, generally is transmitted by a
gear train. Precision depends on the quality
of manufacture, particularly in relation to
backlash, while sensitivity involves the gear
ratio. These requirements plus the location
of all components become the basis of traverse
mechanism design.

32. The gear train, no matter how simple,
is the principal part of the traversing mech-
anism and must satisfy all basic design require-
ments. Its gear ratio should be considered
first. Not only does it prescribe the effort at
the source, it also limits sensitivity. A high
gear ratio means slow traverse with respect to
applied motion; a low ratio means correspond-
ingly faster traverse. Although a high gear
ratio demands a low torque output from the
power source, the power requirements alone
are unaffected. For example, assume that the
torque at the traversing gear, incorporating
the efficiency of the gear train, is 2400 lb-ft.
For slow traverse, a gear ratio of 600:1 re-
duces it to 48 Ib-in at the handwheel; a ratio
of 300:1 reduces it to 96 lb-in. For fast
traverse, say 30 degrees per second, the shaft
output requires 22 horsepower whether the
motor turns at 3600 rpm through a gear reduc-
tion of 600:1 or at 1800 rpm through a reduc-
tion of 300:1. Specified handwheel effort and
motor characteristics will establish the gear
ratio. Thereafter, type, number, size, and
location of gear train components may be
determined.

33. The design of the gear train involves
some trial and error procedure, more so if
mechanically powered because preliminary
estimates of both efficiency and inertia must
be made whereas only efficiency need be esti-
mated for the manually operated train. Final
computed data must agree reasonably well
with the estimates before the preliminary re-
sults are acceptable. In short, the effort re-
quired to move the traversing parts, including
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the moving components of the traversing
mechanism, must not exceed the available
effort at the power source.

34. Design data are comnputed from statics
and dynamics of the moving masses. Data on
statics include the weight moment about the
traversing axis and the torque due to frictional
resistance of the traversing bearing. If the
weapon is on a slope and the center of gravity
of the traversing parts is not on the axis (see
Figure 13), the weight moment is

M, = W,R, sin 8, cos ¢, a1
where
W.. = weight of traversing parts
R, = radius, traversing axis to CG
8, = slope of terrain
¢. = location of CG with respect to horizontal

line in plane parallel to the slope

35. On level terrain or if leveling devices are
used, 6. and therefore M, are zero. Or, should
the weapon, particularly a tank, be equipped
with an azimuth equilibrator, the weight
moment is balanced and effectively reduced to
zero. Otherwise M, may become appreciable,
reaching a maximum when ¢, equals zero. The

Weight Moment Diagram

Figure 13.




other static component of the torque forms in
the traverse bearing and is simply

Tb = IJ.Feru (2)
where
u = coefficient of friction
F,. = total normal force on the
traversing bearing
2r3 —rdx . . .
R, = 3r— frictional radius (2a)
r; = inside radius of bearing
r. = outside radius of bearing

Due to the presence of recoil forces, F I
increases appreciably thereby increasing the
torque, T),. The additional torque must be
considered if the weapon traverses during the
recoil cycle.

36. Another component of the torque at the
traversing gear, the firing couple, is generated
during firing and is due to the eccentricity of
the recoiling parts about the traversing axis.
(Two guns, mounted side by side on the same
carriage, will produce a similar torque if not
fired simultaneously.) According to Figure
14, the component of the firing couple affecting
traverse is

T, = (aF, — bF,) cos 6§ (3)
where
F, = Inertia force of recoiling parts
F, = propellant gas force
¢ = angle of elevation

Careful design should hold this torque to a
minimum, the object being to have bore center,
traversing axis, and mass center of the recoil-
ing parts lie in a vertical plane. This align-
ment is not always possible. Space limitations
and required structural locations may cause an
unequal distribution of weight and create an
unbalance about the bore axis. And, regard-
less of the care exercised, manufacturing toler-
ances may augment this unbalance. The in-
ertia forces of the unbalanced weight produce
the firing couple. If the traversing gear train
is subjected to the firing torque, the effect on

* Reprinted by permission from Anralytical Mechan-
ics for Engineers by F. B. Seely and N. E. Ensign,
copyright 1952, John Wiley & Sons, Inc., page 143.

1t The method for computing the bearing load is
presented in Reference 2, Chapter VIII.
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the power supply may be significant. If
locked out, only the gears between traversing
gear and locking device will be disturbed.

37. This couple can be modified to a degree
by shifting the traverse axis. No location can
sustain a zero torque throughout the firing
cycle. This is especially true during the
propellant gas period as the gas force varies
from a maximum to zero. For example, con-
sider a hypothetical gun whose recoil force is
unity and the propellant gas force ranges from
16 to 0, thus

K=1

F,=F,—-K=F, -1
Using the geometry of Figure 14 and assuming
horizontal firing when a = 0, the firing couple

varies from T, —15d to T, = d. When
zero torque is desired at maximum gas pressure,

F,

(3a)

a=dF”—F—,, (3b)
15

a—d-16 — 15 = 15d (3¢)

b=a+d=16d (3d)

The firing torque, as F, reduces to zero, varies
from T, = 0to Ty = 16d as shown in Table 1.
Now assume an intermediate value, a = 7d
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and b = 84. Firing torque variations for these
values are listed in Table 2.

TABLE 1. Firing Torque With Maximum
Displacement of Traverse Axis

F, F, aF, bF, Vs

16 15 240d 240d 0
15 14 225d 224d 1ld
14 13 210d 208d 2d
2 1 30d 164 14d
1 0 15d 0o 15d
0 -1 o —16d 16d

TABLE 2. Firing Torque With Intermediate
Displacement of Traverse Axis

F, F. afF, bF. T
16 15 1124 120d —8d
15 14 105d 112d —7d
14 13 98d 104d —6d
9 '8 63d 6id “1d
8 7 56d 56d 0
7 6 49¢ 48d 1d
2 1 14d 8d "6d
1 0 7d 0 7d
0 -1 0 —8d 8d

38. These examples show a varying firing
torque during the propellant gas period no
matter where the traversing axis is located.
After this period only the inertia forces induced
by the recoil mechanism are acting and for a
considerably longer time than the gas period.
The obvious solution here is to locate the
traversing axis in the plane of the recoiling
mass center. Except for the gas period, the
firing torque is now always zero. But, as
mentioned previously, this position may not
be readily available or easily located while in
the design state. Under such conditions, it is
advisable to locate the traverse axis in the
plane of the bore center inasmuch as the
maximum torque appears only briefly and the
sustained load is considerably smaller than
other conditions, two of which are illustrated
in Tables 1 and 2.

39. The fourth component of the torque at
the traversing gear is that required to acceler-
ate the traversing parts.

T. da

4)
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where

® = mass moment of inertia of the traversing
parts about the traversing axis
a = maximum traversing acceleration

The general expression for maximum torque at
the traversing gear is

Tph=M.+T+T,+T. (5)

Recapitulate, with emphasis on the various

conditions. For a level weapon traversed
manually
T]z = Tb (6)
For the same weapon on a slope
Te=M,+ T, (7

For a level weapon traversed by mechanical or
electrical power

Tr=Ty+ T,
For the same weapon on a slope
TR=Mw+Tb+Ta

(8)

9)

B. GEAR TRAIN

40, The gear train, as a mechanical trans-
former, changes the large traversing gear
torque to a lesser value at the power source.
For a handwheel operated mechanism the
ratio of the two values is the gear ratio modi-
fied by the efficiency (see Figure 15). The
gears have even numbers, the pinions, odd.
Beginning with the traversing gear 6, trace
the torque through the system by converting
it to gear tooth load and back again to torque,
taking the efficiency, #,, into account at each
mesh. Thus the gear tooth load between
gears 5 and 6 is

_ T
FBG - Rp‘; (10)
The torque in gears 4 and 5 becomes
1 1 R,
Ts="R ==Tr 5= 11
1 Mg Py B¢ Mo i Rps ( )
The gear load between gears 3 and 4 is
T45 1 RP
Foo = =% = = T, 28 12
- Rp4 N ? Rp4Rp ( )




The torque in gears 2 and 3 becomes

Ty — LR, F T Bole 13
23 — . P, 34 R R 4R
The gear load between gears 1 and 2 is
Ty 1 R, R,
Fro=20 = Ty 2% (14)
l RPQ n ! szRp4Rp6

And, the torque at gear I or at the power
source becomes

T, - LR, F.- T B BoBs 15)
P "R, R, R,
This is the torque required at the power

source to turn the traversing parts. Expressed

generally

7, - L Tn (16)

ny To
where

n = number of gear meshes
r, = gear train ratio
s = 0.98 to 0.99*% efficiency of each spur or
bevel gear mesh

When a pinion is replaced by a worm whose
efficiency is 7.

r,— 1 T 7

"Tu"?o tr,

For the worm being the driving member

_cos B — ptan Af
M = cos @ + pcot A (18

where
8 = gear pressure angle
A = lead angle of worm gear
u = coefficient of friction

When frictional losses in the thrust bearing
of the worm are considered, the efficiency,
based on Equation (15-11) of Reference 4, is

cos B — ptan A

Nw = Dh ——————_D_b -
cos 3 1+m,17cot>\ + ucot A 1—pz,17tanx

* Reference 3, pages 320, 346.
! Reference 4, page 389, Equation (15-8).
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where

D, = effective diameter of the thrust bearing

D, = pitch diameter of worm

us = coefficient of friction of the thrust
bearing

Expressed in terms of the composite effi-
ciency of the gear train

T, = 1T
nry

(19)

41. The inertia of the gear train contributes
to the total required effort for motorized trav-
ersing mechanisms. As the train is being
accelerated, the torque on each gear progresses
through the train similarly to the one coming
from the traversing gear. Referring to Figure
15, start at the integral gear 45 and express all

accelerations in terms of the traversing
acceleration.
1 / Rleps
T“ - nn-l R R
1 o B
+_,_._, zaﬁpl +—,l S T (20)
Mo P,
but

Tis = ‘I>45Ot4a, Té:x = Doszass, T{ = b

and
- aR,,ﬁ s = R%R”e - = R, R,,,‘;R,,6
* R,’ “R,R,’ R,R,R,
5 3 5 1 3 5
therefore, through substitution
1 R,R, R,
To= ( 4R, R, R,
) Py
1 RPIRP4RP5 1 RPZRP4 Pb)
Sy, P TE g TP T e (21)
+ N "2 Rpng3Rp5 + Ny ' Rle R

Yor a conservative estimate of this torque,
assume the gear train efficiency for all com-
ponents rather than the summation of the

(18a)
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Figure 15.

individual efficiency for each gear unit. The
resulting error is too small to be significant
because the inertia of the gear train will be
far less than that of the traversing parts and
may be ignored in practically all cases. The
torque necessary to drive the gear train is
approximately

(1 Ko
AS T p D
R, R,

2 Ps
lep4R P

s}
R”zR”aR"s M

R
9" Y Py” " Pg
R, R,,) 22)

3

+ &5

and the required torque output at the shaft of
the power source is

T=T,+ T, (23)

42. The choice of gear train ratio depends on
the type of traverse activity on one end and
the type of power supply on the other. For
manual traverse where speeds are not critical,

Loading Diagram of Traversing Gear Train

a ratio is chosen which demands a minimum

~ of physical effort. Coupled with this require-
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ment, a 640:1 gear ratio proves to be advan-
tageous as it represents a 10-mil-per-turn re-
sponse to give the gunner a rough but con-
venient counter. For power transmission,
speed is a major criterion, the gear ratio be-
coming the ratio between motor rpm and the
traversing speed. Motors should be limited to
those having conventional speeds which allows
some flexibility in the selection of the gear
ratio. Traversing speed depends on weapon
type. An angular velocity of 10 degrees per
second is sufficient for field artillery because
targets are usually stationary. For tanks or
antiaircraft guns, required traverse speed may
be as fast as 50 degrees per second. Quick
response is also necessary for the antiaircraft
guns, thus requiring high-performance servo-
systems and therefore a more elaborate design
approach. For these units, the time rate of
power increase as limited by the inertia of the
traversing motor and its gear train is recog-




nized as the design approach to the servo-
system. The power source must be capable of
developing peak torque at peak acceleration
while the mount is traversing at peak speed.
Tnvestigations have shown thal optimum
power requirements and speed reductions can
be determined to fit the particular need of a
traversing system. Some of these relation-
ships are expressed in Equations 24, 25 and
26.*

ry = YT (24)
1w ,,

YT o (25)

'YPm = 2P! (26)

where

P, = power generated by motor
P, = powerrequired to rotate traversing parts
_ _ peak speed rating of motor

Tr peak rotational speed of mount
r, = required gear train ratio

t,. = time constant of motor

{, = time constant of traversing parts
N maximum operating motor speed

peak motor speed

The time constant of the motor is defined as
the time required to bring the motor, running
free of load, from standsiill to maximum oper-
ating speed at maximum angular acceleration.
The time constant of the traversing parts is
defined as the time required to bring these
parts to maximum speed fromn a standstill at
maximum acceleration. The above expressions
will serve as a guide for the traversing mechan-
ism designer who, although not necessarily the
power drive designer, must compile the essen-
tial design data, meanwhile keeping in touch
with the power drive specialist to make sure
that these data are not too demanding.

43. The maximum traversing acceleration
depends on the tactical use of the weapon. For
instance, field artillery fires on fixed targets,
thereby permitting minutes rather than frac-
tions of a second for aiming; whereas guns
firing on moving targets must have high

* Reference 5.
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acceleration to acquire and track the target
quickly. Thus, tank turrets and antiaircraft
guns must have appreciable angular accelera-
tion, on the order of 0.5 rad/sect. Tanks,
while maneuvering, slew or pivot at angular
acceleration far in excess of the traversing
acceleration of 0.5 rad/sec?. To preclude rela-
tive motion between turret and hull, the
traversing mechanism must serve as a travel
lock to form a fixed link between them. Thus
the gear train will transmit the torque from
hull to turret. This torque is limited to that
induced by a maximum acceleration of 6
rad/sec’. Should hull accelerations exceed this
value, a clutch, somewhere in the gear train,
slips at the corresponding torque and permits
relative motion between hull and turret.

44. Assuming that the gear ratio has been
established, type, number, size, and location
of the gears are determined next. The relative
positions of the traversing gear and hand-
wheel or power drive, in addition to space
availability, locate the gears. Accessibility for
maintenance also influences the location. The
gear train should he protected by a gear box
or other suitable cover. Provision for ready
access should be made for cleaning and lubri-
cating. For pa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>